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(54) System for optimized brain 



(57) There is provided apparatus for testing to opii- 
mally place a deep txain lead 40, particularty fx stimu- 
lating the QPi or other deep bram taigk to treat 
neurological (Ssofdere such as Partonsonis Disease and 
the like. The inventkm enteaces determining the k)ca- 
tion of a feedtjack target such as the motor cortex, the 
kx»tion of the deep brwn taiget, and inserting a test 
lead along a substantially linear trajectory so as to t>e 
^e to stimulate txjth concurrently. The test lead has an 
electrode 46 at about its cfistal end for stimulation of the 
deep brain target, and an electrode 44 acfustably posi- 
tioned 3-8 cm proximal for stimulation of the motor cor- 
tex. When stimulation is applied concurrently through 
both electrode, the affected body portion, a g. fintxcan 
be made to move wfrien and if ttie deep Ixain electrode 
is optimally positioned. The position can be checked 
during suri^cal inplant of the system, and the lead posi- 
tion adjusted for the pennanentty Hiplanted le^ 
determined during the surreal procedura 
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Descrtptfon 

[0001] This inventkm lies in the field ol system 
brain stimulalion and reconfing of brain activity and. 
more particularly, systenv for plaoernerit of the lead for 
stinKiating and/br reooriiing at an optimized physiologh 
cal brain target, for the treatment of conditions such as 
movement disorders 

[0002] Deep Brain StinnMion (DBS) has been 
found to be successful in treating a variety d brain-oorv- 
troBed dfeorders. indudmg nrKMrnentcisorderB. Gener- 
ally, such treatmeft irvolves placement of DBS ^fpe 
lead through a burr hole driBed in the patienfs sK&dl, fol- 
lowed by placement of the lead and then applying 
appropriate stimulation through the lead to the physio- 
logical target The placement portion of the treatment is 
very critical, and has been the suk^ect of rmich attention 
and research. In particular, finding the deep brm target 
and then pladng the perrnanem lead so that it efficientty 
stimulates such target is very i m p o r tant See. for exanrv 
pie. US. Patent Appication Serial, fto. 09A)09.247, fled 
January 20. 1998. Gielen et al. which deals wHh the 
localization procedure in functional steredadic brain 
surgery. i.a. tf)e initial probing to find tfie optimum site 
for deivering tiie stimtrtation. 
[0003] Rnding ttie cptknai physiological target in 
deep brain stinulation implanis for the treatment of 
movement disorders is a particularly complicated tasle 
This is espedaily true for the treatment of symptoms 
which cannot be tested at the operating tabie during 
lead implant. For instance, it is impossUe to test mik- 
ing and postural stability in ParKinson's Disease (PD) 
patients dumg DBS lead implant Two other major PD 
symptoms, fV^dfty and AMnesia, are also considered 
difficult to equate quantitatively during DBS lead 
implant Thus far. no reliabie cpantitative evaluation pro- 
cedures exist that can be perfonned during the surgical 
DBS implant procedurefbr these major symptoms. 
[0004] A recent proceckffe has been suggested 
which aBows post-operative cpjantitative testing of mus- 
cle function in PD. See Pascual-Leone. Rapid Rate 
Transcranial Magnetic Stimutation (rTMS) in Movement 
Disorders: Momnent Disorders.M9i 11. Suppl. #1. 
pp.23, 1966. In this procedure, trans-cranial magnetic 
stimulation of the motor cortex is used to show that the 
brain is able to control muscle movements in a normal 
way when and if the DBS electrode is irrplanted in the 
optimal physiological position in the HlChn P^^dum 
Intemae (GPi) and electrical stimulation witti the appro- 
priate parameters is ^)pBed through the DBS electrode. 
Thus, it was shown ttiat those areas of the motor cortex 
(MC) wfhich are involved in the control of movement in 
the muscle of ttie ttiurnb can only be activated if the 
appropriate DBS stimulation is concurrentty iqsplied to 
the correct part of the GPi. 

[0005] Based on this finding, it is reasonable that an 
improved procedure could be utilized for optimizing the 
irTY)lant position of the DBS electrode(s) in the GPi or 



other neuro-modulation target for treating disorders, 
and particularly movement disorders, by means of deep 
brwn stffnutation. Thus, if postural instability of ttie 
patient is a major PD symptom, one might t>e able to 
5 find the optimal physioto^ target for ttie DBS elec- 
trode by seeing when transcranial magnetic stimUation 
of the inolor cortex achieves optirnal control rnovement 
of the leg musdes. However, this ma^etic stirmiation 
procedure is not suitable for intra-operative use. Le^, for 
10 testing lead position wNle the lead is stereotacticaBy 
held. The applied very fast changing and very strong 
nrngnetic fields may interact wHh tiie DBS electrode in a 
compar a ble way as isuggested for MRI imagpng proce- 
dures, which is contra-incticated for DBS patients. Fur- 
t5 Iher. 1f)e trans-cranial magnetic stirmiation coi cannot 
be accessed to tt>e relevant sites of tt)e brain when tiie 
DBS lead is being held by the stereotactic ecMpmnt 
This means that the Leone procedure is not (firecfly 
suggested for use in evaluating the excHabOty of the rel- 
20 evant rnotor cortex areas during lead Implant Thus, 
whie the prior art procertore is apprcpriate for certain 
post-sur^cal testnfig because it is nornnwasive. it is not 
suggested for intra-operative ifie. 
(00061 The continued need in ttie art is a system 
ss and procedure ttial can be utiized during surgery when 
ttie DBS lead is being irnplanted. to determine wrfien it 
has been placed ffi ttie optimal position for stimulation 
ttierapy of ttie pafienfs particular disorder, or for record- 
ing of brain activity. In general terms, ttie aim is a sys- 
90 temfor s tirnulaJtonofttieQPiorottierneurihstirmiation 
target, and a feedbecfc target such as ttie Ma A key to 
tttis invention is ttie recognition ttiat during surgery, 
there is no need for a noTHnvasive way of stimUating 
ttie feedback target The invention, rattier, provides 
ss apparatus 

for testing for ttie optimal DBS electrode position 
during ttie invasive surgery, and as part of ttie localiza- 
tion test procedure that is required in any event, ena- 
bing a reliable determination ol optirnal lead placement 
40 k>efore permanent lead iirplant and dose of surgery. 
[0007] A prvnary ot))ect of tins irwention is to pro- 
vide a system for deternMng witti a test lead or perrna- 
nent lead when a brain electrode is positioned optimaly 
80 during stinr«Mion of ttie brain target nomriai patient 
46 excitability Of a feedback target such as ttie motor cortex 
achieves ttie desired result ag.. ttie desired body 
movement of a patient witii a movement dteorder. Alter- 
natively, anottier object is to provide an inrproved capac- 
ity to record Ixain activity. 
50 IP006] The invention takes advantage of ttie fact 
ttiat during DBS lead implant ttie patients brain is 
already subject to an invasive procedura This being ttie 
case, botti ttie neuro-modulation target and ttie feed- 
back target can be reacfily stimulated tkmng surgery. 
55 Thus, in ttie case of movement disorders involving ttie 
motor cortex, ttie stimulation of ttie motor cortex concur- 
rentty witti ttie GPi need not be limited to a nonnnvasive 
technque. 
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[0009] In order to achieve the above objects, the 
invention, accorcfing to one aspect provides a brain 
stimiiation system, comprising a txain stimulator or 
device and lead means for placement of electrodes at 
predetermined positions within a patient's brain, said 
brain stimulator device having firet pulse nrwans for gen- 
erating feedback pulses for stinrulating a ieedba^ 
get in the patienTs brain and second pulse means for 
generating DBS pulses for stinfMilating a neuro-modula- 
tion target in said patienTs brain; and said lead means 
being connected to said device for conducting said 
pulses from said device to said respective targets, said 
lead means comprising a DBS etectrode and a conduc- 
tor for conducting said DBS pulses from said second 
pulse means to said DBS electrode, a feedt)ack elec- 
trode and a conductor for connecting said feedback 
pulses from said first pulse means to said feedback 
electrode, and said DBS and feedback pulses from said 
first pulse means to said feedback electrode, and said 
DBS and feedback electrodes being positioned on said 
lead means relative to each otfier so that wtien saki 
DBS electrode is positfoned at said neuro^timulation 
target said feedback electrode is positioned at said 
feedback target 

[OOKq AooordNig to a second aspect there is pro- 
vided a lead fx proMkfing stinujlaten of both a feedback 
target in a patierifs brain arv) a neuro-modulation target 
in the patienfs brain, said lead also provicfing for record- 
ing of brains signals from either of said targets, sakl 
lead having proximal and dtetal ends, comprising: 

a first deep brain electrode positfoned toward the 
distal end of said lead, and conductor means for 
conducting signals between sod deep brain elec- 
trode and said lead pnsdmal end; and 
a second feedback electrode positfoned proocimally 
from said deep brain electrode, and second oon- 
dudor means for conducting signals tielween sakI 
feedback electrode and said lead proodmal end. 

[0011] By varying the positfon of the DBS elec- 
trodes, and repeatedly stimUating both the DBS target 
and the feedback target and observing the relevant 
patient body m oveme n t or other readfon. the optimal 
DBS target focation can t)e found. Also, either or both of 
the electrodes can be used for recording brain activity. 
[0O12] After the fincfing of the optimal DBS target 
focatfon. the test lead is removed and a permanent lead 
positfoned 80 that the DBS electrode(s) Is focated at the 
optimal target positfon. The permanent lead also prefer- 
ably is aligned along the lirtear trajectory wtnch includes 
both the neuro-modulation and the feedt»ck targets, 
and carries electrodes for stmilating or reoorcfing at 
both targets, thereby enabfing post-operative testing. 
The system preferably includes a generator devfoe with 
dual stimulus pulse channels for provfoing stimuli with 
appropriate parameters for slinutating the respective 
targets, and sense channels for anplifying and process- 



ing detected brain signals. 

[0013] Prefenred embocfiments win now be 
descrfoed. by way of exampfo only, with reference to the 
ctowings. 

5 

Figure 1 is a diagrammatfo view of a patients skull 
and the target path or paths taken to stimulato tar- 
get areas of the brain in accordance with tills invert 
tfon. and/or to record brain activity at the dual target 

10 sites. 

Figure 2 is a schematic diagram showing a system 
in a c cordance with this iiwentfon, including m 
irnpiantable stimulatorAeoonter devfoe. and a test 
or permanent lead desi£p^ to endbfo dual stimula- 

75 tion of different t)rain sites and/or recording of t)rain 
signals from such sites. 

Figure 3A is a dfo gr a mmat ic view showing a bfeki 
stimulaling lead and a sidabto sleeve with a win- 
dow: Figure 3B is a dfograiivnatic view sticwing tfie 

20 sleeve in positfon over the lead portfon which car- 
ries electrodes for stimulating ttie motor cortex, 
thereby enabling adjustment of the focation of an 
effective electrode on the lead for stimulating the 
motor cortex at the same time that the physfofogical 

2S brain target is stimulated. 

Figure 4 is a flow dfogram ilustrating the primary 
steps taken in using the system of Itiis invention to 
determine wtiether and when the brain lead has 
t>een optinraBy positioned in a patienfs brain in 

30 order to treat a movement (fisoRler or ttie Gke. 

I0O14] Referring now to Figure 1, there is shown a 
(fiagram of a patient's head, witti bun* holes BH-A and 
BH-B shown drOled through the patienfs skuH to aflow 

3S entry t>eneath the c&ra. WhSe Figure 1 presents an 
iilustratfon of ttie specific MC/QPi embocfiment it is to 
be understood that the principles involved are equaly 
applicabfo to ottier targ^ as dtecussed above. A nor- 
mal trajectory would be that indfoated ttvough ttie hote 

40 BH-A, afong trajectory A, to ttie GP\. However, as indi- 
cated, ttie motor cortex MC is not afong this line. In 
order to have a single one-dimensional trajectory which 
wiH invohfe botti ttie GPi and ttie MC. bun- hole BH-6 is 
utilized, to provfoe a trajectory as i nd foated afong indi- 

45 cated tine B. It is to t>e noted ttiatskUl sizes vary from 
patienttopatient and that accordingly the distance from 
the GPi target and the MC target will be variable, per- 
haps in ttie range of up to 2 cm from patient to patient. 
For ttiis reason, the lead of tNs invention preferatily 

so includes an adfjustable electrode location for stimiating 
ttie feedback target ag.. the MC. when ttie dfotal elec- 
trodes are in place for stimulating ttie QPi or ottier brafo 
target. 

[0015] Referring now to Figure 2. ttiere is stiown a 
55 diagram of a stimulatpryirecorder device 30 coupled to 
and used in connection witti a lead 40. Stimulator 
devfoe 30 may be. for example, a Medtronfo Model 
3628. or a modification ttiereof; and ttie lead may be a 
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modification of Medtronic InterStim Model 4300 or 
Medtronic DBS Lead Model 3387. As indicated, tfie 
stimulator device contains two pulse generation chan> 
nels. channel 1 indicated at 32 and channel 2 at 34. 
Each of these channels is controlled by control block 35. 
which may a p p ro priately utilize a microprocessor andfor 
other control and timing drcuHry. The lead proodmal end 
41 is coTYiected to the outputs c« the device 30. Channel 
1 connects to one or more lead conductors wrfitch pro- 
vide electrical connection to dtetal electrodes indk»ted 
at 46 near the lead distal end 42. These electrodes are 
posttioned at the neurcHnodulation target e.g., the GPL 
The pulses generated by channell and delivered to the 
deep brain location are. for exanple. pulses of 60-120 
pulse width, typically delivered at a rate in the rwige 
of €dbout 50-250 Hz. and with a pulse ampfitude of about 
1-10 V. The signals delivered by channel 2 are oor>- 
nected through to electrode 44. which is shown posi- 
tioned piaximally from electrodes 46, and at a distance 
in the neigfterhood of 3-8 cm from the distal electrodes 
46. depending on the appication. For exanple. for the 
MC^i embociment. the positioning of electrode 44 is 
designed to place it proDdmate to ttie motor cortex wtien 
the detal electrodes 46 are positioned at the GPi brain 
target The pulses delivered by channel 2 are, ag.. 
pulses of a width 1-10 ms. deivered at a rate of 1 to 5 
Hz and with a voltage in the range of 1-10 v. Signals 
received from the eleclrodes are processed at sense 
channels 37.38 and stored at 39. 
[0016] Referring now to Figures 3A and 3B. there is 
shown one arrangement for adjjusting the position of 
electrode 44. to provide for stimulation of MC con- 
currently with stffnulation of the GPi. In this enixxfi- 
ment electrode 44 is suitably comprised of a series of 
smaler ring electrodes, as incficated at 48. the purpose 
of this design being to achieve a greater lead fleodbility. 
Alternatively, but aft the cost of some f leodbiity. the elec- 
trode 44 may be one integral ring electrode, prondinga 
large surface extendng around the tubular body 43 of 
lead 40. Shown above the lead portion carrying elec- 
trode 44 is a sliding tUbing. or sleeve 50. being a holow 
tubing having an inner cSameter adapted to just fit ever 
the outer cfameter of lead body 43. Tubing 50 is made 
of an electrically insulative material coating 51. except 
at a window portion 52 of predetermined length. TTie 
tubing 50 extends proodmally a sufficient (fistance so 
that it can be manipulated. i.&. slid along the lead 43 so 
as to position the window portion 52 relative to the lead. 
In Figure 3B. the tubing is Mustrated as having been slid 
down to register with a portion of the rings 48. providing 
an electrode v^ich is adjustable along the axis of the 
lead t>y positioning of the window. 
[00171 Referring now to Figure 4, there is iDustrated 
a flow (fagram of the primary steps taken in carrying out 
the procedure of tills invention, illustrated witti respect 
tottieMC^ embodiment. At block 60. ttw test is initi- 
ated by providffig a test lead as (fiscussed in connection 
witti Figures 2 ttvough 3B abova Such a test lead is 



provkjed with respective MC and GPi electrodes, where 
tiie positfon of the MC electrode is preferably adjustable 
to account for required patient variations in inter-elec- 
trode distance, as (Sscussed in connection witti Figure 

5 1 . The location of ttie GPi and ttie MC are ttien prefirri- 
narily determined, as incficated at 62. The a p proxi m ate | 
focation of ttie (^i can be determined non-invasiv^. a I 
rnore exact kx»tion of ttie GPi target can be determined \ 
as discussed in ttie above referenced US. Patent AppK- I 

10 cation Serial No. 09/009.247. The focation of ttie MC j 
can be determined. e.g.. by trans-cranial magnetic stim- 
ulation. Witti this information having been obtained, ttie 
desired one<fimensional trajectory ttrough ttie two tar- 
gets is known, f^ext at 64, a burr hole is drilled to pro- 

is vide entry ttirough ttie skull for ttie desired linear 
tr^ectory. tMe that if a first bun* hole is driled in order 
to perfonm the initial tocafization, it can t>e used for 
placement of a separate lead to ttie GPi. as discussed 
abova Then, as indfoated at 65, ttie test lead is stereo- 

20 tacticaOy introduced atong ttie traiectory, and ttie (fisted 
DBS electrode positioned in ttie area of ttie GPi. After 
ttiat, at 66. the position of ttie MC electrode 44 is 
adjusted, e.g.. m the m^mer suggested t)y ttie discus- 
sfon of Figures 3A, a The positioning of electrode 44 

2s wHh respect to ttie MC wil, of course, depend upon 
what body portion is to be tested a treated. After tttis. at 
68. the two taigels are stirmMated. and ttie relevaiit body 
movenient. or lack ttiereof. is noted. TTits provkles ttie 
feedback for determining when ttie DBS electrode has 

30 been optimally tocated. Alsa at 68. brain activity alttie | 
two sites can be recorded. 

[00181 At 70, ft Is determined wh^her ttie DBS 
electrode complex 46 is optimally tocated. If no^ whfoh 
would include a state of uncertainty, ttie position of ttie 

36 DBS electrode is adjusted, as Shown at 72. and ttien ttie' 
stimulation is repeated, as indkated by ttie branch ttiat 
toops back to 68. When ttie physfoian is satisfied ttiat an 
optimal position has been found, ttie test is concluded, 
and ttie pennanent lead is implanted, as indicated at 74. 

40 The lead is ttien attached to the generator dance, and 
ttie patient is chrorecally stimtiated. as indfoated at 76. 
As mentioned above, by providing a permanent lead 
ttiat also has an MC electrode, and is placed atong ttie 
trajectory ttiat encompasses botti targets^ subsequent 

45 tests can be conducted. Further, brain signal recordings 
can be obtained from ttie electrode sites, eittier ooncur- 
rentty. or at one site during stimulation of ttie ottier sita 
[0019] There is thus provided a system for stimulat- 
ing or recording at dual sites in a patienTs brain, ag.. a 

50 teeoback site such as ttie motor cortex, and a deep 
brain or neuro-modulation site such as ttie GPi. WhHe 
the preferred embodiment lias been presented as a sin- 
gle lead, eittier a test or permanent lead, it is to be 
uTKlerstood that the invention can Gkewise be practiced 

55 by insertion of two leads, eg., one for positioning of an 
electrode at ttie motor cortex and one for positioning of 
an electrode at the GPi. As used herein, the term 'elec- 
trode** means eittier a single electrode or a plurality of 
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electrodes, as Qlustrated in Figures 2 and 3A. 
Claims 

1. A brain stimula1x)n system, corrprising a br^ s 
ulator de^ (30) and lead means (40) for place- 
ment off electrodes at predetemiined positions 
wHhin a patients brawi, 

said txain stimulator device hamg first pulse io 
means (32) for generating feedback pulses for 
stimulating a feedback target in the patient's 
brain and second pulse means (34) for gener- 
ating DBS pulses for stimulating a neuro-mod- 
ulatfon target in said patients brain: and is 
said lead means (40) t>eing connected to sakJ 
deMoe for conducting said pulses from said 
devfoe to sakl respective taigets. s»d lead 
means comprising a DBS electrode (46) «id a 
conductor for oorKkiding said DBS pulses from so 
said second pulse means to said DBS elec- 
trode, a feedback electrode (44) and a conduc- 
tor for connecting said feedback pulses from 
said first pulse means to sakl feedback elec- 
trodei and sakl DBS and feedback pulses from 2S 
sakl first pulse means to sakl feedback elec- 
Irode, and sakl DBS and feectoack electrodes 
being positioned on sakl lead means relaUve to 
each otfier so that wfien sakl DBS electrode is 
positfoned at said neuro-slimulatkMi target sakl so 
feedback etecbode is posittoned at said f eed- 
backtargeL 

Z The system as described in daim 1, wherein sakl 
lead mears is a sin^ lead (40), and said DBS 55 
elecfrode (44) is positioned near the lead distal end 
and sakl feedback elecfrode is posittoned about 3-8 
cm from said DBS etodrode, wtiereby said lead can 
k)e inserted into the pafienTs kxain along a predeter- 
mined path to positkxi sakl electrodes at sakl 40 
respective feedt>ack and neuro-mockiation targets. 

3. The system as descrfoed in daim 2. whereki sakl 
lead comprises adjusting means for adjustng the 
positkxi of said feedback electrode to be positioned 45 
at the patienfs motor cortex when said DBS elec- 
trode is posittoned at said patienTb GPL 

4. The system as descrft)ed in daim 3, wherein sakl 
lead lias a lead body, and said adjusting means so 
comprises a didaUe tubing (50) having a window 
(52). sakl tutxng being sfidable over said lead body 

to expose said feedback electrode at a desired 
position relative to the motor cortex. 

55 

5. The system as descrit)ed in daim 4, wherein sakl 
feedback electrode has an effective surface area 
larger than the area of said vnndow. 



6. The system as described m any precedtog daim. 
wherein sakl fist pulse means comprises MC gen- 
erator means for generating pulses at a rale of 
about 1-5 Hz for delivery to the patienfs motor cor- 
tex, and parameter means for controlling said ger)- 
erated pulses to have a duration of about 1-10 ms 
ml a voHage of about 1-10 Volts. 

7. The system as desafoed in any precedkig daim. 
wherein said seoond pulse means comprises DBS 
target means for generating pulses at a rate of 
about 50-250 Hz, and parameter means for oontrol- 
ing generation of said pulses to have a duration to 
the range off about 60-120 ^S and a voltage in ttie 
range of about 1-10 Volts. 

& The system as descrtoed in any preceding daim, 
whereto sakl brain stimulator device furttier com- 
prises means (37, 38) lor receivmg signate from at 
least one of said electrodes and means ^) for 
recoicfing such signals. 

9. A lead for provkling stimulation of both a feedback 
target in a patienfs txain and a neuro-moddation 
target in the patients txam, said lead also provkfing 
for recording of brairs signals from eilliei of said 
targets, said lead having proDdmal and ifistal ends, 
comprising: 

a first deep kxiwi electrode positioned tMard 
the distal end of said lead, and conductor 
means for conducting signals between said 
deep brato dectrocte and said lead proodmal 
end; and 

a second feedback efectrode positioned prood- 
mally from said deep brain electrode, and sec- 
ond conductor means for conducting sigrmis 
between said feed>ack electrode and sakl lead 
proodmal end. 

ia The lead as described in daim 9, wfierein said 
feedback electrode is posittoned about 3-8 cm from 
sakl deep brain electrode. 

11. The lead as descrtoed m daim 9 or 10, further com- 
prising adjusting means for acjigfing tfie posit i on of 
sakl feedback electrode relative to sakl deep biato 
dectrode. 
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□ BLACK BORDERS 
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IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
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LI BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GBLAY SCALE DOCUMENTS 

[J LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



